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ABSTRACT 


General land use and soils data collected by remote sensing techniques 
are being used in South Dakota fo r land use planning and land evaluation. 

The basic procedures for interpreting remote sensing imagery to rapidly 
develop general soils and land use inventories were developed and utilized 
in Pennington County, South Dakota. These procedures and remote sensing 
data products have been illustrated and explained to many user groups, 
some of whom are interested in obtaining similar data. 

The general soils data were integrated with land soils duta supplied 
by the county director of equalization to prepare a land value map. A 
computer print-out of this map indicating a land value for each quarter 
section is being used in the tax reappraisal of Pennington County. The 
land use data have provided the land use planners with the present use 
of land in Pennington County. 

Additional uses of remote sensing applications are also discussed 
including tornado damage assessment, hail damage evaluation, and presentation 
of soil and land value information on base maps assembled from ERTS-1 imagery. 
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Use of Remote Sensing Techniques for Inventorying 
and Planning Utilization of Land 
Resources in South Dakota 

ANNUAL PROGRESS REPORT 
JULY 1973- JUNE 1974 


INTRODUCTION 

Efficient management of the earth's resources is of paramount 
importance. The application of remote sensing techniques to many phases 
of natural resource management has been proven but the use of these data 
by action agencies is presently very limited. Therefore, the present 
activities of the Remote Sensing Institute NASA University Affairs Grant 
have been directed toward the utilization of remote sensing techniques 
by action groups. 

The area selected for application of remote sensing techniques was 
Pennington County, South Dakota. This county was selected as the study 
area because the variety of soils and land uses are representative of 
Western South Dakota. The land area of the county is 711,500 hectares 
(1,778,700 acres) of which the Black Hills National Forest, Buffalo Gap 
National Grassland, and Badlands National Monument comprise most of the 
280,100 hectares (700,300 acres) of public land. In addition, the second 
largest city in South Dakota, Rapid City (population 55,000), is located 
in the county. 

Once the study area was selected, a meeting with the county resource 
planners and managers was held to accomplish the following objectives: 

1. Explain remote sensing technology 

2. Describe proposed remote sensing activities in Pennington Coup*;, 

3. Obtain a response from meeting participants as to the desirability 
of conducting the study in Pennington County 

4. Determine specific action agencies that could use remote 
sensing data for their decision making processes. 

As a result of this meeting the following agencies were deemed most 
likely to provide input and to use the output of the remote sensing applications 
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1. South Dakota Sixth Model Rural Development and Planning District 
(Sixth District Council of Goverment) 

2. Black Hills Conservancy Sub-District 

3. Pennington County Planning and Zoning Commission 

4. USDA Soil Conservation Service 

5. Pennington County Director of Equalization 

6. USDA Forest Service 

7. USDA Agricultural Stabilization and Conservation Service 
These agencies were contacted individually and possible applications of 
remote sensing technology to their problems were discussed in detail. 

This report contains the progress to date in the various application 
areas which are being pursued. The major effort in Pennington County, 

South Dakota, involving soils inventory and land evaluation will be discussed 
first. Then, additional studies of remote sensing applications will be 
discussed. These efforts are being funded in part by the State of South 
Dakota, the specific action agency, and the NASA University Affairs Grant. 

It is estimated that a minimum of 40 percent of the total support required 
for the efforts described herein are coming from the involved action agencies. 

General Soils Inventory 

The 19/0 South Dakota legislature enacted a law which required that 
agricultural land b*» assessed for taxation purposes according to the 
potential of the land to produce agricultural crops or native grasses. 
Subsequent to the 1970 legislative directive, guides for land evaluation 
were developed for each county in South Dakota (Westir. et al., 1974). 

These guides utilize yield estimates, soil inventory information, and 
sales data to develop a dollar value for each kind of soil limitation for 
the county directors of equalization. 

Adequate soil surveys necessary to use the county land evaluation 
guides are not available for 41 of the 67 counties in South Dakota. 

Pennington County is one of the counties which does not have adequate soils 
information to comply with the directives of the 1970 legislature. 
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The present methods of surveying soils are toe time r- . -»g and 
expensive to fulfill the need in the required time perio . The ..hj 
required to collect soils data by remote sensing techniques becomes 
greater as the soils information becomes more detailed. For general 
soils data, ERTS-1 imagery was interpreted since it was available and 
could be provided quickly for almost immediate use. 

Procedures 


The ERTS-1 imagery available for Pennington County was evaluated and 
transparencies from three dates were selected for further analysis (Table 
1). Color transparency composites at 1:1,000,000 scale were made from 
bands 4, 5, and 7, and enlargement negative prints at scales of 1:500,000 
and 1:250,000 were made from bands 5 and 7 from the September 6 and October 
12 imagery. A band-7 transparency for December 5, 1973, was enlarged to 
1:250,000. The area was snow covered at this time. 


Table 1. ERTS-1 imagery of Pennington County, South Dakota used for 
interpretation of soils. 


Date 

Frame 

Identifi- 

cation 

Color 

Compo- 

site 

Positive 
Transpar- 
encies, Bands 
4,5,6 & 7 

Enlargement 
Prints of Bands 5 & 7 
1 1 
500, 000 250 ,000 

September 6, 1972 

1045-17063 

X 

X 

X 

X 

October 12, 1972 

1081-17064 

X 

X 

X 

X 

December 5, 1972 

1135-17078 


X 


X 

December 5, 1972 

1135-17074 


X 


X 


The ERTS-1 imagery was interpreted using a light table and a three power 
magnifying glass. Areas with similar image characteristics were delineated 
on mylar on imagery from September 6, 1972. This overlay was then placed 
over the other color composite and positive black and white transparencies 
for additional Interpretation using the data from the other dates. 

For fie'e checking, the ERTS-1 Interpretation was transferred to a 
1:250,000 USGS topographic map and a 1:60,000 ASCS photo Index map of 
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Pennington County. The field checking consisted of a reconnaissance 
survey by a resource team consisting of a geologist, range scientist, 
and soil scientist, which described the soils, vegetation, and geology 
for each mapping unit. The general soils map interpreted from ERTS-1 
imagery is shown in Figure 1. Table 2 provides the map legend which 
includes a description of soils, geology, and lanu use along with suit- 
ability ratings for rangeland, cropland, and groundwater development. 

Usefulness of ERTS-1 Imagery 

The color composite transparencies of the ERTS-1 imagery were most 
useful for Interpretation of boundaries among the soil scape areas. The 
interactions among the Individual bands provided an additional character- 
istic for interpretation (Figure 1). Most of the boundaries of the soil - 
scape areas were delineated very well on the ERT3-1 imagery (Figure 2). 

The thick lines in Figure 2 mark those boundaries located on ' ground 
which were not detected from the ERTS-1 imagery. The de 1 ons were 
either too small or too similar to adjoining areas. The varies be- 
tween the soil scape areas were as easily interpreted from transparencies 
at a scale of 1:1,000,000 as from enlargement prints at a scale of 
1:250,000. Areas such as flood plains however, which were too small to 
delineate using the color composite transparency at a scale of 1:1,000,000, 
could be mapped using the 1:250,000 enlargement prints. 

The image features or characteristics of the E..TS-1 color composite 
transparency used for interpreting the soil scape boundaries were tone, 
color, land use patterns, and drainage patterns. Figure 3 provides an 
illustration of the use of drainage pattern, color, and land use patterns 
to delineate soil scapes in northern Pennington County. Drainage pattern 
was used In conjunction with color patterns to interpret the boundary 
between the steep shale breaks (Bl) and hilly to steep sandstone breaks 
(Cl). The steep shale breaks have yellowish-red hues and a dendritic 
drainage pattern (Figure 3). Difference- in color were utilized to draw 
the boundary between the undulating shale plains (B4) and the undulating 
to gently rolling sandstone uplands (C3). 
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Figure 1. Sollscapes of eastern Pennington County. Scale = 1:1,000,000 
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Table 2. Continued 
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Figure 2. Usefulness of ERTS-1 imagery to delineate soil scape boundaries. Thick lines indicate 
boundaries not detected on ERTS-1 imagery. See Table 2 for legend. 



Drainage Pattern--Cl was separated from B1 by change in drainage pattern 
and color. Cl has reddish colors and a dendritic drainage pattern. B1 
has yellowish-green colors and a pinnate drainage pattern. 

Colo. --The boundary between B4 and C3 was delineated by a color change. 
The fields in the B4 have lower reflectance. 

Land Use— The B3 areas have a rangeland land use pattern. The B4 areas 
have a cropland pattern. 


Figure 3. Use of drainage pattern, color and land use pattern features 
of ERTS-1 imagery to delineate soilscapes of northern Penn- 
ington County. Enlargement print of color composite. July 
9, 1973. 1351-17064. Scale = 1:250,000. 
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These two areas have similar land use patterns, but the reflectance from 
the soils developed from the olive-gray Pierre Shale is less than that 
from the soils developed from the grayish-brown Fox Hills Formation 
(Figure 3). 

In summary, the advantages of ERTS-1 imagery most useful to this 
study were the synoptic view and mul tispectral imagery. The synoptic 
view provided by ERTS-1 imagery allowed large areas to be viewed and 
studied from the same perspective. Therefore, differences in reflectance 
patterns of noncontiguous areas are meaningful aid can be used to 
delineate general soil areas (soilscapes) . The rm.ltispectral feature 
of ERTS-1 imagery provides a new tool for studying soil differences. 

Comparison With Existing Soil Association Map 

More areas were delineated on the soilscape map using ERTS-1 imagery 
as described above than on the existing soil association map (Figures 1 
and 4). Three reasons may be cited to explain this. The soilscape map 
is at a scale of 1:250,000 whereas the existing soil association map is 
at a scale of 1:500,000. More and smaller areas may be delineated on the 
larger scale map. Secondly, the field work provided additional information 
which was used to distinguish more areas. The existing soil association 
map was based upon previous field information, and no field checking was 
performed in its preparation. Thirdly, the use of the ERTS-1 imagery 
allows further delineations within some of the large soil associations 
on the existing map. These separations are obvious when the existing map 
is plotted on the photographic-like background of the ERTS-1 imagery rather 
than a line map. 

The major differences between the two maps are in the areas with soils 
formed on the Fox Hills Formation, White River Sediments, and terraces 
overlying the Pierre Shale. The Badlands association (69) of the ex sting 
map was split into two soilscapes (Al, barren badlands and A3, badland 
basins). This separation was made possible by the use of a photographic 
image background. The barren badlands have a very high reflectance (light 
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Figure 4. Current soil association map of eastern Pennington County (Westin and Bannister, 1971). 
Original scale = 1:500,000. 









photographic tone) which can be used to distinguish the areas from other 
soilscapes (Figures 1 and 4). The Ralph-Cabbart-Regent area (32) on the 
existing map was divided into four parts using color and color pattern 
interpretations (Figures 1, 3, and 4). The rangeland soilscapes Cl and 
C2 were separated from the cropland soilscapes C3 and C4 by the difference 
in the color pattern of the ERTS-1 image which is due to the difference 
in land use (Figure 1 and Table 2). The area denoted by Cl is distinguished 
from C2 by a more distinct drainage pattern (Figure 1). C3 is located 
physically separate from C4. The Caputa soil association (36) was separated 
into three parts utilizing differences in color patterns related to land 
use (Figure 1). The B5 soilscape is dominantly rangeland; whereas, the 
B7 soilscape is mostly cropland. 

Recommendations for Use of ERfS-1 Imagery to Interpret Gc neral Soil Maps 

The ERTS-1 imagery gives soil scientists a new tool for interpreting 
general soil areas. The use of ERTS-1 imagery for preparing a general 
soils map has been discussed in this paper. Based upon this work, the 
following recommendations are intended to provide guidelines for use of 
ERTS-1 imagery to obtain soil information for areas where soils data are 
lacking. 

The following materials are needed: 

1. ERTS-1 imagery -- single band transparencies, color 
composite transparencies, preferably for more than one 
season 

2. Enlargement prints of ERTS-1 imagery — scale to base 
maps, the 1:250,000 USGS topographic map series covers 
the entire U.S. 

3. Existing soil and geologic information 

4. Topographic or other existing base maps 

5. Photo index maps for existing aircraft coverage ~ 
useful for plotting boundaries interpreted on ERTS-1 
imagery. 

ERTS-1 imagery can be enlarged to 1:125,000 without a serious loss of detail. 

The production of a general soils map using ERTS-1 imagery can be sep- 
arated into three major parts. The first part involves the following items: 
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1. Locating and evaluating existing ERTS-1 imagery 

2. Summarizing existing soils information 

3. Interpreting ERTS-1 imagery 

4. Drafting initial legend and map 

5. Transferring map to 1:250,000 topographic map for 
field checking. 

This part involves from 1 to 1** weeks time. 

The second part is the field checking of the interpreted map. 
Boundaries interpreted in the office ate verified. The soils, geologic 
material, and vegetation are described for each mapping unit. The time 
needed to complete this part is dependent upon the size of the area. For 
an area similar in size to eastern Pennington County (400,000 hectares or 
1,000,000 acres) which had some soils information available, 2 to 3 weeks 
time was necessary for the field work. 

The final part includes drafting the final map and legend and writing 
the report. One to two weeks are required for this work. 

Land Evaluation 


The soilscape map was used along with dollar values from land sales 
supplied by the director of equalization to prepare a land value map (Figure 
5). This map has been provided to the Pennington County Director of Equali- 
zation for evaluation and use. 

The general soils data are being used by the Director of Equalization 
in comparing the average value of general soil areas in the county for 
equalization among areas. 

I. This map was prepared by: 

1. Calculating a productivity index for each soilscape area. 

The yields for both agricultural crops and native grass 
were used. The yields are summarized by land capability 
subclass and range site (Westin et al . , 1974). 

2. Relating the land sales in the county to the soil areas. 

A value is determined for each kind of soil in the county 
based upon the productivity index. 
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Figure 5. Land value map of eastern Pennington County. 


3. Utilizing this relationship along with the soil data, the 
land value for each soilscape area is computed. 

After several meetings with the State Department of Revenue, it was 
decided that a computer print out indicating a land value for each quarter 
section (160 acres) would be useful for appraising land value for taxation. 
The general soils map of Pennington County, was coded into the computer 
on a quarter section basis. A computer program was written to relate the 
procedures for determining land value to the soils data. The resulting 
computer print-out is shown in Figure 6. This information is being used 
by the appraisers of the consulting firm which is reappraising Pennington 
County. If this approach proves useful, the other counties in western 
South Dakota which need soils data for land evaluation will be interested 
in securing similar data. It should be noted that this level of information 
is not r uitable for evaluating individual parcels of land but it can be 
used as an equalization guide among various soil units. 

This work was reported at the Ninth International Symposium on Remote 
Tensing of the Environment held April 15-19, 1974, at Ann Arbor, Michigan 
(Frazee et al., 1974). In addition, a newspaper release on the work has 
been sent to the major newspapers in South Dakota and a half-hour television 
program on the South Dakota Educational Network was presented. 

This work has been reviewed by the Bureau of Indian Affairs for use 
in providing soils data for water rights determination on the Rosebud 
Reservation. Based upon this review, they have funded a contract to provide 
general sails data for the Rosebud Reservation and surrounding areas 
utilizing the remote sensing methods and techniques developed in the Pe.m- 
ington County study. Thu soils data will provide basic information for a 
reservation-v’de hydrologic study. The area being studied under this 
contract is over 5,000,1-00 acres (2,000,000 hectares). 

The soil map and land evaluation map of Pennington County have 
generated considerable interest in other counties. To date, cos 4- estimates 
for three other counties have been prepared and sent to the local county 
di.ectors of equalization (see Appendix A). Other agencies which have 
been contacted and which have shown interest are the U.S. Forest Service, 
Planning Bureau, and the United Sioux Tribes. 
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Detailed Soils Inventory 


Aircraft imagery is being used to extract, detailed soils information. 
Because of the time required, interpretation is being limited to a seven 
township area using the aircraft data. Black and white Agricultural 
Stabilization and Conservation Service (ASC5 otogrcphs of the area have 

been procured at a scale of 1:20,000. High- tude NASA ^ 0 -57 imagery 

at a scale of 1:125,000 is also available fo. ....erpretation. Preliminary 
interpretation of the area is almost complete. Field checking and eval- 
uation in cooperation with the USDA Soil Conservation Service will be 
scheduled. 

The detailed soils data will be used by the County Director of 
Equalization in the following manner: 

1. For each tract of agricultural land, the acres of each 
soil mapping unit are measured 

2. The value of each land tract is determined by the dollar 
value for each soil type multiplied by the acreage of 
that soil 

3. The summation of the values of each soil area within the 
parcel is the total value of bare agricultural land. 

The USDA Soil Conservation Service (SCS) will assist in the evaluation 
cf the detailed soils data obtained by utilizing remote sensing methods and 
in the determination of whether or not present methods of surveying soils 
can be improved with remote sensing data. Once the detailed soil survey 
has been evaluated and studied for usefulness, the county conmissi oners 
will be asked to provide money support for surveying the soils of the 
remainder of Pennington County. 



USDA-SCS COOPERATION 


Soil Mapping Unit Composition 

A soil survey report includes the description of soil composition 
(Kind and amount of each soil) for each soil mapping unit (area). The 
development of this information requires an experienced soil surveyor 
and is very time consuming. Previous work has suggested that density 
slicing techniques may be useful to t.'.e soil surveyor for determining 
the composition of soil mapping units 'razee, Myers, and Westin, 1972). 

This study consisted of comparing a remote st sing technique (density 
slicing) with the standard methods of determining soil composition (tran- 
sect method) using a detailed map for control. This work is being accomplish- 
ed cooperatively with the soil surveyors 1 who are in the process of pre- 
paring a detailed soil survey for Beadle County, South Dakota. 

Four different areas of the same soil mapping unit in Beadle County 
were selected for study. These fields were sel acted randomly from the 
Agricultural Stabilization and Conservation Service (ASCS) photographs 
which were used in the mapping of Beadle County. These black and white 
ASCS field sheets (photographs) were used due to their availability and 
scale (1:15,840). They were taken in July 1957. The contrast o- the 
photographs was poor in comparison to more recent remote sensing images. 

The density slicing was accomplished by placing the black and white 
photographs over the light source on the density slicing device. The 
tone censity was divided into eight levels. The eight density levels 
were interpreted by the soil surveyors as to the soils they represented. 

Three major categories of soils were assumed: Hand soil, Bonilla soils, 

and other soils. The percent composition of these categories ;as determined 
using the automatic planimeter associated with the densing slicing machine. 

Line transects were conducted in all four fields by transecting the 

field twice diagonally. The line transect metnod is routinely used by soil 

surveyors and assum es the soil mapper can recognize the soil without boring. 

1 (D. Heil, USDA-SCS, Beadle County Survey Party Chief and D. Bannister, 
USDA-SCS, State Soil Scientist. 
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The pacer recorded the number of paces between soil breaks while the other 
two members of the party observed the soil. The paces for each soil series 
were subsequently summed for the whole field and converted to percentages. 
Percent composition was determined for three groupings of the soils: Hand, 

Bonilla, and Others (included soils}. 

The detailed mapping was considered the control and was conducted 
after the transects were completed. Individual phases of soil series 
large enough to delineate at the scale of the field sheet (1:15,840) v.^re 
separated. The fields were broken down into the same soil categories 
as the transect data: Hand, Bonilla, and Others. Overlays were constructed 

for each soil category and measured with the automatic planimeter of the 
density slicing machine to determine the percent of each. The percent of 
each category was determined, and the display was photographed for comparison 
with the density sliced output. Figure 7 illustrates the comparison of the 
results for each method. 

Upon comparison with the detailed map, the light tones or lighter 
colors frequently corresponded to Ethan, Davison, Tetonka, and Dudley 
soils (Others). The dark tones or darker colors generally corresponded 
to the Bonilla soils and the medium tones to the Hand soils (Figure 7). 
However, composition was difficult to determine as the same tones did not 
always correspond to any one soil. For example, some Hand soils occurred 
within both the encoded dark tones and also within the encoded light tones. 
When the percentages of the encoded composites from the density slicing 
analysis were averaged, the average composition of the four fields was 39% 
Hand, 44% Bonilla, and 17% other soils (Table 3). 

The line transect method required approximately 1.5 hours for an 
(80 acre) field whereas the density slicing method required 30 to 40 minutes. 
An average composition of 42.5% Hand, 37% Bonilla, and 20.5% other soils was 
determined for the four fields by the line transect method (Table 3). 

The detailed mapping of the four fields provided a check and was used 
as a basis for comparing the results of the transect method and the density 
slicing. Average composition of the four fields was 36.5% Hand, 35% Bonilla, 
and 28.5% other soils (Table 3). 
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Figure 


Table 3. Percent composition of the Hand-Bonilla soil mapping unit 

obtained with the density slicing lines transect, and detailed 
survey methods. 
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Field 
No . 

Density slicing 

Line 

transect 

Detailed survey 


Hand 

Bonilla 

Others 

Hand Bonilla 

Others 

Hand 

Bonilla 

Others 

1 

48 

23 

29 

37 

38 

25 

48 

28 

24 

2 

36 

46 

18 

52 

36 

12 

39 

30 

31 

3 

39 

60 

11 

36 

41 

23 

35 

42 

23 

4 

33 

57 

10 

45 

34 

21 

24 

48 

18 

Ave. 

39 

44 

17 

42.5 

37 

20.5 

36.5 

35 

28.5 


The soils composition of the soil mapping unit as estimated by both 
the density slicing analyses and transect methods was similar (Table 3). 

The density slicing method was not successful in mapping the individual 
soils which comprise the mapping unit because the density contrasts, timing, 
and film-filter combinations of the photography were far from ideal. If 
more contrasting photography had been available, better results may have 
been achieved. A report entitled "Density Slicing for Determining the 
Composition of a Soil Mapping Unit" has been written and is in the final 
stages of review. 

The density slicing techniques employed in this work will be evaluated 
in other situations. A proposal entitled "Use of Remote Sensing Data to 
Delineate Claypan Soils Requiring Deep Plowing in the Oahe Project" has 
been submitted to the U.S. Bureau of Reclamation. This proposal suggests 
studying density slicing analyses as a tool for better delineation or 
mapping of claypan soils requiring deep plowing for reclamation before 
irrigation in the Oahe project area. 
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Evaluation of ERTS-1 Im r- sjery for Soil Survey 

ERTS-1 interpretation techniques to permit delineation of general 
soil areas is a fairly recent development. Most soil scientists have not 
even seen ERTS-1 imagery and consequently are not familiar with it" capa- 
bilities or the required interpretation. 

Ten South Dakota USDA-SCS soil scientists who are soil survey party 
chiefs have been provided with ERTS-1 contact prints and prints at a scale 
of 1:250,000 from 2 seasons of the year. In addition, color composite 
transparencies were sent to three county soil surveyors. Remote Sensing 
Institute soil scientists are working with the agency personnel providing 
training and assistance in interpreting the imagery. Additional ERTS-1 
imagery will be provided to the soil scientists as it becomes available. 
The soil scientists comments evaluating the ERTS-1 imagery for their use 
are included in Appendix B. 

This effort is providing the opportunity for soil scientists to 
become knowledgeable about ERTS-1 Imagery and to actually evaluate how 
useful the imagery is for purposes of soil surveying. It is hoped that 
the use of imagery in the soil survey program will be established through 
this program. The USDA-SCS is providing all the support for the USDA-SCS 
soil scientists cooperating on this effort. 


LAND USE 


Current land use information Is practically non-existent In South 
Dakota. The data that are available are commonly in tabular i\.m. and 
not presented in a form suitable for evaluation in terms of geographic 
distribution. Soi'h Dakota is being encouraged, both by pressure within 
the state and by pending federal legislation, to develop land use plans 
at various levels. Although the utility of remote sensing techniques 
for certain aspects of land use planning has been established, its use 
by local, county, and state land use planning groups in South Dakota is 
very limited. 

Pennington County, South Dakota, was selected as a test site to 
illustrate the use of ERTS-1 data for level I land use inventorying 
(Anderson et al., 1972) in Western South Dakota. The level I land use 
categories were interpreted from ERTS-1 color composite prints at a scale 
of 1:250,000. An overlay map showing the location and amount of each land 
use category of level I has been prepared (Figure 8). The inventory has 
been computer encoded using a 64 hectares (160 acre) cell size. The data 
may be either printed out or displayed on a color television monitor (Figure 
9). A township boundary overlay has been prepared for use in locating the 
areas in the county. The South Dakota Sixth Model Rural Development and 
Planning District has the preliminary land use data and is utilizing it for 
their planning purposes. The primary use of the level I land use data is 
to establish current land use and to indicate areas needing more detailed 
data. 

This land use inventory was reviewed by the Bureau of Indian Affairs 
soil and range scientists, and a subsequent contract was entered into to 
obtain similar level I land use data for the Rosebud Reservation and 
surrounding areas. This inventory, plus an inventory delineating irrigated 
land, was provided for an area of over 2,000,000 hectares (5-million acres) 
on May 15, 1974. 

The level I land use data have been described and discussed with many 
agencies and groups in South Dakota. Cost estimates have been submitted 
to the State Planning Bureau of inventorying level I land use for the entire 
state of South Dakota plus computer encoding of the data. Other agencies 
which have shown considerable Interest in obtaining land use data for selected 
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Figure 5. Color display of land use map of Pennington County. 
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portions of the state are the USDA Forest Service for the Black Hills, 

USDA Soil Conservation Service for western South Dakota, and United Sioux 
Tribes for the Lower Brule Reservation. A popular type publication, which 
will explain level I land use data and how to use these data, is in 
preparation. 
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BIA COOPERATION 


Resource Inventories 


The Bureau of Indian Affairs has the responsibility for the resource 
management of vast acreages. In South Dakota alone, Indian lands comprise 
approximately 2,000,000 hectares (5-million acres). Some reservations 
have detailed soil data while others have very limited soils information. 

In all cases, general resource maps required for broad reservation-based 
planning are not available. Interpreted ERT5-1 imagery can provide much 
of the broad based information required by BIA resource managers. This 
effort, funded primarily by BIA but utilizing NASA acquired imagery, was 
designed to illustrate the utility of ERTS-1 data for resource management 
of Indian lands in South Dakota. 

A general soil map of Indian lands in Shannon County, South Dakota, 
has been prepared by interpretation of an ERTS-1 color transparency (Figure 
10). This map was prepared in cooperation with BIA personnel 2 . The 
Pine Ridge Indian Reservation had completed a standard soil survey and 
this information is being used to evaluate the usefulness and accuracy 
of the ERTS-1 interpretation. The soil units mapped from the ERTS-1 
image (Figure 10) were characterized according to land capability subclass 
and range site, using the standard soil survey maps published in the Soil 
Survey of Shannon County (Radeke, 1971). The photo map units interpreted 
from the ERTS-1 imagery had different compositions of range sites and soil 
capability classes and subclasses (Tables 4 and 5). The data contained 
in Tables 4 and 5 indicate that areas related to soils can be interpreted 
from ERTS-1 imagery. Each of the photo-mapped units interpreted from ERTS-1 
imagery had an unique range site and land capability subclass composition. 
Therefore, the photo interpreted units were general soil resource areas. 

The preliminary indications are that the information provided by ERTS-1 
interpretations are superior to other available information for reservation 
wide planning. 

2 R. Carey, Area Soil Scientist 
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Shannon Courty 

Capabi 1 ity Classes and Subclasses 




Table 4. Percent-ge of Land Capability Classes and Subclasses within 
Photo Mapped Units 


Photo Mapped Unit 



1 

2 

3 

4 

5 

6 

7 

3 

VIII s 

3 

5 

48 

8 

1 




VII s 

8 

2 

3 


27 

53 



VI e 

61 

25 

23 

80 

26 

37 

23 

67 

VI S 

8 

20 

1C 


14 


6 


VI w 


4 

2 






V w 








9 

IV e 

11 

20 

5 

\ 

12 

3 


19 

IV s 


13 

3 

8 

5 


5 


III c 


1 

2 


1 




III e 

9 

5 

1 


6 

1 

14 

5 

III w 


3 

1 



2 



II c 


2 

1 


5 

4 

22 


II e 



i 

-A. 


3 


30 



30 



Table 5. Percentage of Range Sites Within photo Mapped Units 


Photo Mapped Unit 


1 2 3 4 5 6 7 8 





Conservation 


On all Indian lands, certain conservation practices such as strip- 
cropping, contour farming, and terracing are required of farmers and 
ranchers leasing Indian lands. The certification and monitoring of Indian 
lands to assure that adequate conservation practices are being adhered 
to is a sizable task. In fact, present techniques, coupled with limited 
personnel, are not effectively monitoring the Indian lands. 

Contact prints of single band transparencies, color composites, and 
prints of ERTS-1 imagery at scales of 1:500,000, 1:250,000, 1:125,000 
and 1:60,000 for two different overpasses were evaluated for identifying 
fields which were wind stripcropped, contour stripcropped, or gully eroded. 
Features such as reservoirs, stockponds, wells, land use boundaries, and 
blow-outs, were also studied for ease of identification from ERTS-1 imagery. 
Certain agricultural conservation features such as wind stripcropping, 
contour stripcropping, reservoirs, and stockponds can be visually identified 
on ERTS-1 imagery (Figure 11, Table 6). Other features like wells, blow 
outs, areas burned o,y fire, prairie dog towns, and hay cutting areas can 
only be identified with ground control (Table 6). 

There is considerable potential for using ERTS-1 imagery for making 
general soil maps and for monitoring certain conservation farming practices 
and related agricultural features. This type of information is useful to 
agencies, such as the Bureau of Indian Affairs, in areas where detailed 
soils information is not available. 

Range Inventory 

Range inventories of most of the Indian lands in South Dakota are 
completed. These inventories provide basic resource data for land use and 
management decisions on Indian lands. These inventories provide detailed 
information on range site, range condition, watering points, and several 
other categories of information obtained during a field survey. Coupled 
with information on climate, the data in these surveys permit estimates of 
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stocking rates, crop yields, and suitability for a variety of land use 
alternatives. Because of use changes, a need exists for techniques 
to periodically update and improve existing inventories. At present, 
the Bureau of Indian Affairs does not have sufficient personnel to accomplish 
the updating work by conventional techniques. 

Previous work at the Remote Sensing Institute in cooperation with the 
Bureau of Indian Affairs has demonstrated that much of the soil and range 
information obtained by field surveys can be interpreted from photographs 
(Frazee and Carey, 1972). Techniques to extrapolate remote sensing range 
and soil information from detailed test sites to other similar areas have 
not been developed. The problem studied was that of predicting or estimating 
range production (herbage yield) using remote sensing technology. Vegetative 
and soil data were collected for rangeland test sites utilizing a 100 meter 
grid sampling pattern. The following 70-nm aircraft imagery was collected 


i time of 

the ground sampling: 


Camera # 

Film 

Filter 

1 

B/W Plus-X (2402) 

25A 

2 

B/W Plus-X (2402) 

58 

3 

Color Infrared (2443) 

15 + 30 

4 

B/W Infrared (2424) 

89B 


The imagery collected on July 23, 1972, was digitized utilizing the 
Signal Analysis and Dissemination Equipment (SADE) at the Remote Sensing 
Institute (Figure 12). Seven sets of digital data were obtained. One 
set each for the black and white films and 4 sets from the color infrared 
film. The digital data were related to the ground data by correlation 
and regression analysis. Both density slicing and pattern recognition 
approaches were used for extrapolation from the test site to an adjoining 
similar pasture. A ratio of ERTS-1 imagery (MSS 5 and 7) was utilized 
to search for a vegetative index or estimate of herbage yields. 

The linear correlation coefficients between the film data and ground 
data are shown In Table 7, Herbage yield (lbs, of dry matter per acre) 
was significantly related to film density for the color infrared film and 
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SADE was designed as a state of the art data analysis 
system with a highly flexible modular design. In the independent 
off-line mode the system provides monitor display of digital 
film or analog tape data and transmission of analog information 
to the film printer. When on-line with the computer, the system 
provides transmission of digitized image data and analog tape 
data to the computer and transmission of data stored or trans- 
formed in the computer back to the display monitor or the film 
printer. The system is composed of the following components: 

1. Image digitizer (image dissector tube) 

2. Data control and conversion unit 

3. Lockheed 417 seven track analog tape recorder 

4. Daedalus film printer 

5. Band pass filters 

Red - .59 - ,70vim 
Green - .47 - .62ym 
Blue - .36 - .50ym 

Figure 12. Signal Analysis and Dissemination Equipment. 
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Table 7. Correlation Coefficients from Analysis of Field and Film Data for Pasture ; 



**<« »• mm •-■==^n ~ r - rpr wen 1 







black and white films with 58 or 25A filter but not with the black and 
white infrared film. The relationships between film density and herbage 
yield were not improved by multiple correlation analysis or by the use 
of transformations of the digital data. 

The classification of range site is illustrated in Figure 13. The 
k-class technique is based upon pattern recognition analysis of training 
samples for each class. The interactive classification is based upon a 
visual evaluation of the digital printout. One band or set of digital 
data was adequate for classification. Results were displayed on the 
color television monitor of the SAr system (Figure 13). The best 
equation for estimating yield was yield = 9931.3 - 62.5 (output code of 
EK-IR film - no filter). Utilizing this equation based upon the detailed 
test site, the mean yield was 1744 los/acre wnich compare favorably 

with the estimated mean yield from ground observations of (1830 lbs/acre). 
This type of extrapolation is limited by sun angle and vignetting effects 
inherent with low-altitude photography. 

ERTS-1 data (bands 5 and 7) were digitized from 9^-inch transparencies 
and ralioed. The ratioed (5/7) data were most sensitive to vegetative 
differences and demonstrated a strong inverse relationship to ground cover 
(Figure 14). Within a general area of similar soils and range sites, this 
index is a good measurement of vegetative cover. 

In addition to Remote Sensing personnel, five specialists 3 from the 
Bureau of Indian Affairs are involved. The Bureau of Indian Affairs 
furnished approximately four man-months of work plus travel to this 
effort. 


Water Resources Planning 

The Bureau of Indian Affairs is presently authorizing funding for 

comprehensive water resource planning on Indian reservations. The 

Rosebud Reservation is developing a comprehensive water resources plan and 

has enetered into a c ontract with a private consulting firm to update and 

3 R. Carey, Area Soil Scientist, C. Reed, Range Scientist, C. Owens, Range 
Conservationist, J. Warkentin, Soil Scientist, R. Williams, Soil Scientist. 
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Figure 14. Vegetation index with six classes derived from ratioed ERTS-1 data 



compile all basic resource data for the reservation. The Remote Sensing 
Institute has entered into a contract with the private consulting firm to 
provide ERTS-1 interpreted soils, land use, and irrigation development 
data. The techniques employed to prepare these inventories were developed 
un.ier RSI's NASA grant. 

Prints at a scale of 1:250,000 from color composite transparencies, 
band 5, and band 7 ERTS-1 imagery were mosaiced for interpretation. Soil, 
land use, and irrigation development (Figure 15) were interpreted from 
ERTS-1 imagery and transferred to the 1:250,000 USGS topographic map of 
the area. 

The soils and land use data will be used to evaluate potential sites 
for water resources development on the reservation. The use of ERTS-1 
imagery has allowed the extrapolation of resource data from known to 
unknown areas. This extrapolation approach is applicable to other Indian 
reservations which will be developing comprehensive water resources plans. 
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Figure 15. Irrigation development on Rosebud Reservation Area, South Dakota interpreted from ERTS-1 
imagery. 

Band 5 Scale 1:1,000,000 16551 August 17, 1972 



ADDITIONAL STUDIES OF REMOTE SENSING APPLICATIONS 


Tornado Damaye Assessment 

On July 23, 1973, a tornado severly damaged approximately 20 city 
blocks in Pierre, South Dakota. On the morning following the storm the 
Remote Sensing Institute aircraft was flown to Pierre to collect aerial 
vertical and oblique photography. Supplemental ground photography was 
also collected. 

The photography was processed at the Remote Sensing Institute photo 
lab and provided to the Civil Defense Office in Pierre. Excellent photographic 
coverage was obta-'ned. Storm damage is clearly evident as shown in Figure 16 
which is an example of the aerial imagery obtained. 
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Figure 16. Color Infrared aerial photography illustrating ability for 
assessing tornado damage. Film 2443, filters 15 and 40M, 
altitude 450 meters (1500 feet;, Hasselblad camera with 
50 mm lens. 
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liifc uie of remote sensing uai-a Tor assessing and scheduling scorrn 

cleanup operations Includes the following: 

a. determining extent of area damaged 

b. directing debris clearance 

c. routing traffic 

d. determining damage to utilities 

e. estimating damage to structures 

f. determining temporary housing requirements 

g. others. 

The letters from the office of the South Dakota Civil Defense 
(Appendix C) indicate that remote sensing Imagery Is useful for planning 
and directing cleanup operations. It is expected that this remote sensing 
operation, along with the one covering the Rapid City flood In 1972 (SDSU- 
RSI report 72-11), will lead to formation of a contingency plan by the State 
Civil Defense Agency for calling on the Remote Sensing Institute for imme- 
diate remote sensing coverage of disasters for evaluation and planning purposes. 

A field investigation report entitled Remote Sensing for Evaluating 
Post-Disaster Damage Conditions, SDSU-RSI-74-2, was completed on this subject 
and submitted to NASA in August 1974. 

Hall Damage Evaluation 

During the 1973 growing season, the Plant Science Department at the South 
Dakota State University was engaged In a controlled study of simulated hall 
damage on oats. This study presented an opportunity to observe and record 
radiation changes as the crop matured and as simulated damage was Imposed. 
Therefore, a cooperative effort was established between the Plant Science 
Department and the Remote Sensing Institute, The radiation change data were 
recorded on three different dates using an Exotech radiometer filtered In the 
same wavelength bands as that recorded by ERTS-1, A second Exotech radiometer 
was used to measure Incoming radiation simultaneously with the reflected 
radiation so. that net differences can be determined. These date have been 
partially analyzed with some indication of significant results. 
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In addition to the above studies, natural hall damage reports were 
carefully monitored to find an occurrence which coincided closely with 
an ERTS-1 overpass. On July 1, 1973, heavy hail caused extensive damage 
in an area near Pollock, South Dakota. Hall stones about an Inch in 
diameter were reported. News reports said crops were completely destroyed 
in an area about 10 miles wide and 15 miles long east of Pollock, South 
Dakota. 

Figure 17 is a photograph of an Ei. T S-l (July 8, 1973) band 5 mosaic 
on which areal hail damage was Interpreted. Band 5 presented the most 
contrast for interpretation; however, bands 4 and 6 also showed some 
reflectance changes. The reflectance changes were not as apparent on 
band 7. The broken line on Figure 17 outlines an apparent reflectance 
change which was interpreted as hail damage. The solid line represents the 
hail damage boundary line as determined by field personnel from the Werther 
Control Commission at Pierre, South Dakota. The field personnel established 
the damage boundary line by ground observation and Interviews with the 
fanners. The severly hall-damaged areas appear to be visually interpretable 
on ERTS-1. Areas determined by ground evaluation to have medium to light 
damage were not visually Interpretable. It is hoped that the results of the 
controlled experiment will lead to data analysis techniques that will improve 
the Interpretabillty of ERTS-1 to include medium to light hail damage 
assessment. 

Contact has been established with the Hail Insurance Adjustment and 
Research Association and a briefing of our work u, s been presented to them. 
They have shown a considerable Interest In what has been done since a gros r 
quick estimate of extensive crop damage would be valuable to them. Preser, 
delays in receipt of ERTS-1 imagery would make a quick assessment of damage 
infeasible; however, continuation of the development of such a capability 
is important for use when satellite Imagery closer to real time does become 
available. 
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Data Analysis 


The K-class report SDSU-RSI 73-08 was completed during this period 
of time. Ar, appendix was also written which describes K-class. This 
appendix may be attached to and used to acquaint readers of reports in 
which K-class is used as the classifier to the decision processes. 

An apptuuix was written to describe a mode-seeking procedure referred 
to as MODEl. The purpose of this appendix is similar to the K-class appendix. 
The M0DE1 computer program and a procedure which uses the M0DE1 results to 
train the K-class classifier is included in SDSU-RSI report 73-11. In 
addition a M0DE2 computer program was corrected and made operational. 

As an alternate approach to Robert's gradient for edge and line 
detection, and for low signal-to-noi se ratios situations, the study of 
U. Montanari's article "On the Optimal Detection of Curves in Noisy 
Pictures" was pursued. It appears that the work done to detect lines and 
edges by Montanari could well provide a very useful tool to aid land use 
planners and others concerned with boundaries between different geologic, 
crop and soils boundaries. 

The work that could be done to improve the recording of the image which 
contains lines and edges, and to evaluate Montanari's algorithm in low 
signal-to-noise environments is: 

1) Generate line images with additive Rayleigh noise 

2) Display these images on the SADE system monitor. This 
will provide a realistic human interpretation as to the 
signal-to-noise ratio which is detectable by the eye, and 
to compare the human results with the algorithm. This has 
not been done by Montanari in his paper. Only computer line 
printer outputs have been used 

3) Program Montanari's algorithm on the IBM computer 

4) Apply the algorithm to images currently under study by 
other investigators and evaluate the usefulness of 
Montanari's algorithm to aid these investigators in 
determining boundaries. 
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To improve the recognition accuracy of soil types, it was decided 
that spatial feature extraction techniques should be programmed for 
use on the IBM system. Computer programs of the two dimensional fast 
Fourier transform, the Binary Fourier Representation (BIFORE) and slant 
transforms were received from L. Kirvida of Honeywell Inc. N. Ahmed 
of Kansas State University also supplied his version of the two-dimensional 
BIFORE algorithm. Each of these algorithms has been useful to extract 
spatial features. Time did not permit the evaluation of these algorithms 
to see whether the use ot spatial features improved the classification 
accuracy of soil types. 

The use of the coherence function has been useful in communication 
systems and should be used to determine spatial frequency features in images. 
The computer program to extract the coherence function from one-dimensional 
fast Fourier transform frequency data was developed. Again the lack of time 
did not permit evaluation of the usefulness of the coherence function. This 
area of study should be pursued. 

A Map of Soil Textures and Land Forms on ERTS-1 Imagery 

The Brookings County Map of "Soil Textures and Land Forms on ERTS-1 
Imagery", CAppendix D) contains information pertaining to soil pH, organic 
matter content, and potassium and phosphorus in ten soil areas in the county. 
The general soil textures and land form areas are delineated on an ERTS-1 
image. 

The Brookings County map includes soil factors needed for determining 
herbicide application rates and the status of certain soil nutrient:. The 
principal utility of the background soil information combined with the ERTS-1 
image is in its use by farmers, county agents and other advisors, and by 
aerial or ground applicators, in their operations. 

The soils Information has been available previously but never in this 
unique form which makes it so convenient to interpret and use. Applicators, 
farmers, and others can pick out individual farms on the ERTS-1 imagery and 
quickly determine specific information pertaining to that farm and others 
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in the same soil association area. 

Information related to fanning practices, to availability of ground 
water, to land sales values, to land use and land use planning, and other 
information can be inferred from the county ERTS-1 map. 

Many environmental variables including soil factors affect the 
performance of soil applied herbicides. Soil texture, organic matter and 
pH are important criteria. Soil test results provide accurate indications 
of these factors. 

The application rate for many soil-applied herbicides is based on soil 
texture and organic matter. Excessive rates result in needless expenditures 
of product, adding unnecessary amounts of pesticide to the environment, 
and can result in crop injury. Insufficient rates means "wasted" expen- 
diture for product purchased if weed control is unsatisfactory. Many 
product labels and recommendations include a table as shown below. This 
indicates the importance of knowing soil texture and organic matter. 


t . bs. "Lexone" Per Acre 1 

\ to 2% 2 to 4% More than 4% 


Soil Texture* Organic Matter Organic Matter Organic Matter 


Loamy sand, 
sandy loam 

Do Not Use 

3/4 

1 

Loam, silt loam 
silt, sandy clay, 
sandy clay loam 

3/4 to 1 

1 to 13s 

11s to 1*5 

Silty clai , .silty 
clay loam, clay, 
clay loam 

1 to Ik 

lk to l* 

lh to 1 3/4 

Mississippi 
Delta Only 

Ik 

1 3/4 

2 


* Do not use on sand ncr on soils with less than h% organic matter as crop 
injury may result. 


1 From "Lexone" label for metribuzin on soybeans 

Soil pH is important in some situations. High pH is associated with 
crop injury with some herbicide treatments, A limited number of products 
should not be used on soils having pH’s higher than specific steted values. 
These values ray vary within fields, however, data from an area are helpful 
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in predicting where problems may be more prevalent. 

Growers can obtain the most precise soil information from individual 
field test results, however, more general information from larger areas 
is helpful to dealers, applicators and industry personnel. It is helpful 
in determining general use patterns within areas and in identifying areas 
where performance problems might be expected. Proper consideration of 
these factors can prevent problem occurrences, thereby eliminating crop 
losses due to poor performance or crop phytotoxicity. 

In view of the above, it would appear that maps of this type, using 
ERTS-1 imagery as a base, could prove to be very helpful. Similar maps 
could be produced for other counties and could perhaps be modified to show 
other specialized information as required. The important aspect of this 
application of ERTS-1 imagery is that it is utilized to present available 
information, in an easily applicable manner, to users for practical pur- 
poses. An aerial applicator for example, may not take the time to look up 
soils information existing in tabular or narrative form, but he may very 
well make a direct application of the same information which is conveniently 
displayed on an ERTS-1 base map. 

It is recommended that continuing efforts be made to adapt existing 
and newly discovered information to presentation on ERTS-1 base maps for 
convenient and practical use in operational situations. 

The Soils Textures and Land Forms Map of Brookings County was sent 
to the South Dakota Congressional Representatives. The replies (Appendix E) 
indicate their interest In this usage of ERTS-1 imagery. 
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A Map of Soil Association Value Areas 


A Map of Soil Association value areas was completed in November, 1973. 
Three groups cooperated to prepare the map: (1) soil survey researchers 

from the South Dakota State University Agricultural Experiment Station and 
the USDA Soil Conservation Service who prepared the Soil Association sep- 
arations; (2) the Directors of Assessment and the South Dakota Department 
of Revenue officers who compiled the land sales of unimproved agricultural 
land by Soil Associations; and (3) the South Dakota State University 
Remote Sensing Institute, and the National Aeronautic and Space Administration 
contract No. NASA-ERTS NAS5-21774, who furnished and prepared the ERTS 
Base Map from satellite imagery upon which Soil Association Value Areas are 
drafted. 

The ERTS mosaic used for the base map was complied from scenes taken 
in May and June 1973. The imagery consists of negative prints from Band 
7 of the multi -spectral scanner aboard the ERTS satellite. To prepare a 
base map of South Dakota using Conventional Aerial photographs, it is 
estimated that 30,000 separate photographs would be necessary, costing 
about $250,000. The ERTS base map used was complied using only 20 ERTS 
scenes at a far more reasonable cost. 

The Soil Association Value Area Map is included in this report at 
Appendix E. The map legends included are such that the user can readily 
interpret the information displayed. 
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Director of liquctiuTion 




Cciti S<v;;'.i Dr.'.ot: ?r - r i 2 


19 i«ove:!ibyr 1073 


. • V. Cadres Winkler CAE CSDx 
Director, Property Tax Division 
Pierre, South Dakota 


Dour Mr Winkler; 

Reference the 3R03 presentation by Doctor Weston and Doctor Pracoe at our 
recent annual convention. 

This County would like you to make the necessary contact with the prooer 
Individual to determine Cost and procedure for us to obtain a colored print, 
and plastic overlays as displayed on the or.e county. Further vrs are also 
t~~ -rested in having the sane study accomplished on this County, a s Doctor 
is coinr on Pennington County . Please obtain this cost for us. 

.This letter cc.riir.aued with Mr. A. L. Rogers, Chairman Potter County Conn- 
i:.i oners. 


CC: County Inrlssirners 


5Sf8fir*> •/ 

e c c or^bf nquaLalzation. 


Sa“»SSK»“ 




OFFICE OF 

BROWN COUNTY 
DIRECTOR OF EQUALIZATION 

ABERDEEN. SOUTH DAKOTA 87401 


November 19, 1973 


Mr. George Vlinckler 
Director of Property Tax 
PL-.rre, South Dakota 57501 


crown. County r :mi5sioners, moved and passed motion, November 19, 1973 
to find t’r.=* : . -t :f 3P.TS colored pictures and particularly of Brov/n 
County. 

Sincerely yctrs, 

^ . ... 

Alberta Jact:=tn 
Hr own County 
Director of’ Ztralication 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 
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P. 0. Box 1 3S7* Huron, South Dakota 57350 


July 10, 197U 


Mr. Joe A. Vitale, Chief 
Engineering Systems Design Branch 
Office of University Affairs 
NASA Code Y Room 6125 
U00 Maryland Ave. S. W. 

Washington, D. C. 205U6 

Dear Mr. Vitale: 

Dr Fred C. Westin suggested that you may he interested in some of the 
work initiated in South Dakota exploring methods in which ERTS imagery 
may improve or accelerate our soil survey program. In March, I forwarded 
black and white ERTS imagery at 1:1,000,000 and 1:250,000 soales, Band 5 
and Band 7, to seleoted soil scientists. The purpose as outlined to them 
was to keep ourselves up to date on the type of data that is available, 
and to serioutly review and study the imagery for any methods in which it 
may assist us in our soil survey pro g r am or land use interpretations. 

Some of the things we suggested for consideration were: 

1 . Retiring or sharpening of our general soil association areas 

2. Would it assist us in outlining general areas of different 
soils that do not seem to appear on our present photography; 
for example, would it help us separate some of our silty drift 
areas or geologic areas that may be reflected in our soil 
survey delineations? 

3. Broader vegetative or land use patterns that may be indicative 
of soil patterns. 

i*. The possibility of using the ERTS background at a 1:250,000 
scale for more impressive demonstration, educational, or 
informational uses. 

The ERTS imagery was furnished us by the Remote Sensing Institute at 
Brookings. We hope to follow up this projeot with some 1971* ERTS imagery 
for study by field soil solentists. The Remote Sensing Institute also has 
furnished us a few selected oolor composites vhioh will be evaluated. 

I am attaching oopies of the original comments received from our field soil 
scientists. Our soil survey staff has not yet appraised or followed up with 
our soil solentists on this projeot. This will be done this winter. In 


Mr. Joe A. Vitale 


2 


Boise oooos, we plan for pernonnel of the Remote Sensing Institute to work 
with our people on interpretation of thin imagery. I appreeiato the excellent 
cooperation of the personnel of the Remote Sensing Institute and Plant Soienoe 
Department at South Dakota State University in working with this data. 

I believe it is evident that in some oountisB the imagery will assist us in 
more aoouratoly delineating broad soil areas in addition to other features 
as geologic areas and land use patterns. Before drawing any oonclueione for 
use in soil survey, it is neoeeaary that ws follow up with our eoil scientists 
during FJf 1975 * 


Sinoerely, 



D. L. Bannister 
State Soil Scientist 


Attachments 
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April 16, 1974 


Va: \'.w.\ liannistcr, ?:iste Sxil Scientist 

Soil Conocr vh.ion Service 
«»u»*or») 

Free:: Iten liillor. Soil Scientist 

Soil Conservation Service 

I'lliwuTMC I * n^*c# 

Sublet # Soils —ii $ *■ i’wOm.ifucs^ 


As recused, I have x.-orked with the isaflenr coverage of Grant 
County, and have a few contents or* this* 

1 . VJith trior knowledge of the area, a fairly accurate Soil Association 
— •> car* bo r-.xs, however, soaa areas are not vail enough oerined wo 
ucc for sharrxr.in- as boundaries. Sena of the ^rave*. areas and tne 
• T l‘uviai coil c.'^f.s are net well enough defined to make accurate 
boundaries. Also, the b*.-ad ary of the silty drift area is not well 

defined. 

2. Vm iza-ary could h- of seao benefit in coil curvey work as it shows 
the ^aolo^ic areas, land use patterns, and in turn too kinds of soils 
one would cxooci to occur. 

3. A soil association r.-.p coveloocd on this back.crcund at 1.2>0,000 
* would bo of cone value for educational and informational uses. 

4. The ixagory could be of some value when starting a new survey area. 
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co - A. Wayne Pope, A.C. 

Soil wonn^rvaticr* Service 
tidtertown, S. Sal. 
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DATS: torch 22, 1974 


TO; Dor.s lr\ L Doznicicr, Storoe Soil Scientist 

Sou j. oGUo o r\ck ou o/» kH#rvo>CG 


k«vuOr»{ Souuu i>uiCOOu 57350 


I have studied the HITS imagery for KcCook County and adjacent areas 
and have found it to be useful. In general the Kay imagery is sharper 
and has more detail than uhe October imagery for both bands and scales* 
I have the following comments on the imagery: 

• ? r r'J? ’ c ?_ - . 0. ; 9 r.i cron* _1 * 1 COO-COO s cale : This imagery is 
very useful for geuuing an overall perspective of the south- 
east corner of the state ■ The major drainage patterns are 
detectable along ;;!th cultural features such as Interstate 90 
end 29 and Gavins Point lam . Tnis i..sgery is of little use 
for a single counuy e::cept for comparing it to adjacent areas* 

It may be useful in Lincoln and Union counties where the loess 
areas are easily discernible and can be separated from the 
silty C > *k.X v o— Su*/ • There also seems to be a diffuse boundary 
bsuween une smoy emu ana glacial : . areas. 

The i-.hy imagery is much clearer and sho.:s more drainage 
detail chan the October imagery. The major geologic areas, 
however, are prominent on both sets of imagery. 

I am pleased ’.rich the detail on this imagery and would 
appreciate followup sets of it. 

Eerc__7 8,- 0 9 micron) 1:250-00 0 scale ; This imagery js 
mere useful on one counuy level. The drainage pattern ar.d 
cultural features are visible but towns are not detects >le. 

The Clarno-Lihan-Tetcrd: soil association is very prominent 
and can easily be d.,1:- .caved on this imagery. All other soil 
associations, except for the diluvial soils, have s imila r 
patterns or film contrasts* Perhaps if film densities were 
color encoded, the other soil associations may be discernible* 

The Eand-31arno-3than association appears to be lighter in 
some areas but this is very abstract and impossible to separate 
on this imagery. 

— kiWo-Vu W-jy predate color composites of this imagery and 

any . c^.Om 1 p s — o s Oi*. b cc*»»e &vm - ah 1 ^ - I, too, believe 
this imagery makes a goed background for the general soils map 
of the counvy. 
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’.■ -V" '2 p.-A 7 . 

l.'XUil w-’-C / i- 

Trninrge ia r;.c." ; 
features are more 


UppSM* u5 C lx *U. 
£i*u &C3ti.3 wO iiu« — 


:••' r?cr.\ ' • 2-3 C' ? r-.v^le: This imagery coupled 

..u^w.'. ~Uu v$ry useful on the county level* 
:ror":.c.vi c-. the Bari 7 imagery, but cultural 
prc:.ur.E..*.- on the (May) Band 5 Imagery. Towns 
dc.vl: a::-'.-.. The October imagery is unclear 
some cloud cover- 


V ..s ^uor^Cu assccj-c-uxon ms prcmncnt end can 

00 OA CAa. 3 xAu^Olby* 1*4^ huna-Clarno-S-han association 
CCH CO SCpCATCCCU £l*C.»3 uCO Clarno-?rosper association west of the 
Vermillion liver, but cannot be separated elsewhere in the county. 

1 believe a color composite oi this imagery would be very helpful 
for delineating soil associations* 

To Summarize. 

1. The 1:1 ; CCO;CCO scale. Band 7 imagery shows the overall view 
GC COc-xuu^O network and helps to deluieate geologic areas of a 
section of the staue. It helps in placing a particular county in 
perspective with the drainage network and geologic pattern. 

2. The 1:250; COO scale, Band 7 imagery shows the drainage pattern 
bet uwC oAcul 3cCu J) ai i may aid in delineating soil associations 

v«c u* t n 4 c* cGvuiuy 4 


3. The 1:2>0 ; COO scale, B:nd 5* imagery shows cultural features 
better than Band 7- It, «oo, may help in delineating soil 

uSSOCiaCAGAd C COul*(»y • 

4* I believe color composites of the 1:250,000 scale would be 
helpful in making general soils maps. I would appreciate this 
imagery n at xs avat I able . 

5* The May imagery is sharper and has more detail than the 
October imagery for both Bands. The October imagery, however, 
appears to have some cloud cover which may obscure the land 
pattern. 

I would appreciate receiving any followup sets of imagery. 
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. cc-Bobert D. Bichter, Area Conservationist, SOS, Sioux Falls, South Dakota 
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STATE OF SOUTH DAKOTA 
OFFICE OF THE ADJUTANT GENERAL 

STATE CIVIL DEFENSE 

STATE EMERGENCY OPERATIONS CENTER 



RICHARD F. KNEIP 

GOi ER\UR 


STATE CAPITOL BUILDING 
PIERRE, SOUTH DAKOTA 57501 

30 July 1973 


Victor I. Myers, Director 
Remote Sensing Institute 
South Dakota State University 
Brookings, South Dakota 57006 


- -<p 


is 


MAJ. GEN. DUANE L. CORNING 

DIRECTOR 

THE ADJUTANT GENERAL 




Dear Mr. Myers: 

Thank you very much for the copies of photos taken by your Institute show- 
ing the damaged areas in Pierre on the July 24, 1973, tornado. 


I am sorry that we did not advise you so that you had immediate knowledge 
of the tornado, however, we will certainly attempt to do this in all future 
incidents such as this and hopefully allow you more planning time for accom- 
plishing such a mission. 

These photos are very beneficial in determining the scope of damage and you 
can be assured that we appreciate it immensely. 



> 

.. . 

/oHN v.wr 
'Deputy Civil Defense Director 


for South Dakota 


JFP/st 



STATE OF SOU (H DAKOTA 
OFFICE OF THE AOJUTANT GENERAL 

STATE CIVIL DEFENSE 

STATE EMERGENCY OPERATIONS CENTER 
STATE CAPITOL BUILDING 
PIERRE, SOUTH DAKOTA 57501 

19 November 1973 


Mr. Victor Myers 
Remote Sensing Institute 
Harding Hall 

South Dakota State University 
Brookings, South Dakota 57006 

Dear Mr. Myers : 

After the Black Hills flood of June 9, 1972, your Institute compiled a docu- 
ment of photos valuable in damage assessment Immediately after the flood and 
important in delineating the flood plain area for long-range flood plain man- 
agement . 

Again as a result of a small tornado in Pierre this year the imagery provided 
assisted a great deal in identifying the path of and damage caused by this 
incident. 

As a result of these twc specific cases, and the uses to which the photos 
assisted in damage assessment ; identification of the hazard areas and long- 
range planning, we would hope that your Institution could continue to pro- 
vide this service in the event of future disasters. 


Sincerely, 



Deputy Civil Defense Director 
for South Dakota 





JFP/st 
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APPENDIX E 



OmCF AfiMKIli 

taxi Houbk Ones Builmm* 
Wmhiwton, D.C. ao»t* 
TlUfHcMI, (£02) 22£~240l 

Dirmicr ricu> ornccai 
41 a Fowm S-mirr 
BwnoKiNtts Sr*rrH Dakota 57006 

1 tLLPHONl ( 605 ) 


FRANK E. DENHOLM 

Ur Dirnuct . tovTX Dmvta 

Congress of tije Utifteb State* 

^rnisff of ftrprfSentatibeg 


COKtMirm ON AOKICULTUM 
BUBOOMMirmSi 

livestock and ora ins 

DOM OTIC MARKCONO AND 

CONSUMEK relations 

DSFAKTMEMT OTOtATIOMS 


ADMIMirrMATlVt AttirTAKT 

MR. ARTHUR o ANDERSON 


400SCVTN PWUJM AVSMMS 
•wua ►auj, Sown Dakota m 
TclcphomSj (SOS) IH4M0 


HlMffitagtim, 3B.C. 20515 
September 19, 1^74 


Mr. Victor I. Myers, Director 
Remote Sensing Institute 
South Dakota State University 
Brookings, South Dakota 57006 



Reurlet 9/13/74 


Dear Victor: 


I acknowledge with gratitude the receipt of your above ref- 
erenced letter together with a map of soil textures and land forms on 
Earth Resources Technology Satellite (ERTS-1) Imagery of the County 
of Brookings, South Dakota. 

I have reviewed the enclosures with interest and I commend 
you and your associates on an excellent presentation of the vital ser- 
vices of ERTS- 1 Imagery to the industry of Agriculture. 

I am forwarding a copy of the enclosures to my good friend 
the Honorable W. R. "BOB > ' FOAGE, Chairman of the House Commit- 
tee on Agriculture for his information and evaluation of the essential 
services of ERTS to rural America. 

It was thoughtful of you to write to me as you did and I wel- 
come your advice and counsel on all future matters of mutual interest. 

Thank you very much. 


Sincerely, 


FED/A/dc 

(3) 

74-9-475 

cc: Honorable W. R. Poage, Chairman (info, w/encls. ) 
House Committee on Agriculture 
1301 House Office Building 
Washington, D.C. 20515 




GEORGE MCGOVERN 

• OUTH DAKOTA 


'TUCmieb dialed ^2>cnalc 

WASHINGTON. O C 20510 


September 24, 1974 



Dear hr. Myers: 

Thank you fo: your recent letter. 

I agree that the technology of the Earth Resources 
Technology Satellite will prove to be extremely 
valuable in the management of our natural resources. 

With every good wish, I am 


Qinrurolu unnrc 



Victor I. Myers, Director 
Remote Sensing Institute 
South Dakota State University 
Brookings, South Dakota 570C5 


£!h n 


JAMES ABDNOR 
to Dirntxrr. South Dakota 

WAAMIMOTOM OTFlCKi 
1130 LOt*> WORTH BU1UD4M} 

WMHtNOTON, D C. 20313 
(202)223-8163 

DimncT email 
439 F’CDntAL BuiunrMO, PiEWAE 

(fcC?> 224-2691 

507 Kamsaa City, rawd Cmr 
(603) 343-3000 

203 FAMMOt* MC 
Mpouktt Bamc Buuxxno, Hum* 
(603) 332-8117 

307 NcjrrM Main, MiTCMBU. 
(603) 996-3601 


Congress of tfje Uniteb States 

of Ecpretfentattoesi 
SHasftington, ?D.C. 20515 
September 30, 1974 


COMMTTItUl 

PUBLIC WORKS 

■UMOMUITTUli 

CNKMY 

WATfR RiAQURCU 
Economic Dcviuopmcwt 
Puhjc Buildinqs and Gww«i 

VETTERANS' affairs 

ftUVOOMMTTTEMi 

Education and Traimn* 
HOIHTMJ 

INAURANCX 


PHILIP N. HOOCH 
ADMtMrntATivK AsairrANr 


Dr. Victor I. Myers, Director 
Remote Sensing Institute 
South Dakota State University 
Brookings, South Dakota 57006 

Dear Dr. Myers: 


Than v vou very much for the ERTS-1 image of Brookings County and 
the anator. information which relatas to its application. I 
know tiiat providing information on soils is but one of a multitude 
of potential practical applications of satellite imagery. 

I look forward to being of any assistance possible in the further 
development of remote sensing technology, and I look forward to your 
continued interest in keeping me informed in this regard. 





IS ABDNOR 
'Member of Congress 


JA/adu 
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lOLDOULFRAMS '-( 

SOIL ASSOCIATION VALUE AREAS 

Based on Major Land Use, 1967-72 Sale Prices of Unim- 
proved Agricultural Land, (4,653 Sales), and Soils. 

U2-5 Rolling sands looms and doss of till* 
I’inr Ridge from Tertian materials. 
R2-(> llutmnodsv sands of the Sand Hills 
from Tertiary materials. 

C— Wheatland Rangeland or Pasture (S45-S7(i 
average sale priee per acre I . 

( I Undulating elav loams on western ter 
race* 

( 2 Undulating loams on tahl-lands from 

Toy Hills Cretaceous materials. 

C- :> Undulating loams and sands loams on 
broad stream divides from Cretaceous 
materials. 

( I Strongly undulating clays from Crtta- 
eeoos shales. 

C- a Strongly undulating sdts and sands 
loams from Tertiary materials. 

C- (i Undulating clays from Cretaceous 
shales. 

C- 7 Strongly undulating glacial loams Iron) 
stagnant ice materials. 

C- S Undulating sills day loams from loess 
on residual plain. 

from Cactaceous C- 9 Sleep clays on voiles sides from Cre- 

taceous shales. 


C IO Hilly clays from Cretace 
moraines. 

C.'-ll Hills loams from glacial 
-Crain Crops, general agricult 
average sale price per acre). 

I) 1 Gently undulating silt 
from stagnant icc matcri 
1) 2 Gentls undulating loa 
loams from glacial till. 

1) :) Undulating siltv clay lo. 

mint icc materials. 

I) -1 Nearly ley .‘I day loams 1: 
I) 5 Undulating clays fro 
shales. 

D 6 Undulating sandy loams 
from Tertiary materials 
I) 7 Undulating silty day I 
lands from loess. 

1) S Nearly level loams oi 
along Cheyenne River. 
1) 9 Undulating silty day h 
riant ice materials. 

DIO Gentls undulating silts 
terraces along Missour 
— General Crops ($90-8115 as 
per acre). 

lil-1 Undulating clays fr 
shales. 


Western Rangeland t *15*20 average sole 
price per acre). 

\| l miniating, dense clays from Cretaceous 
shale. 

\2 l adulating, sands loams and sands Irom 
Cretaceous sedimentary rocss. 

Western Rangeland, ssilh some Wheatland 

i S20-S25 aserage sale priee per acre (. 

Rl-I Rolling loams and days, some vsith 
day pans Irom l pper C.retaeeous ma- 
terial' 

Western Rangeland and Wheatland ( 82<>- 

s.*,(l average sale price per acre). 

U2-I Rolling loams and class mainly along 
salles sides Irom Upper Cretaceous 
materials. ( 

R2-2 S’.onglv undulating class on divines 
Irom Cretaceous shales. 

R2-) Sleep clays along voiles sides from 
Cretaceous shales. 

R2 I l inhibiting silts class 
shales and silts. 



FOLDOUT FRAMfl 

F.I-2 Hat sil(\ das loams and some undn- 
lilting sands from Lacustrine sedi 
incuts and outsv ash and till. 

I I-.'] (.culls undulating silts clas loams 
from loess and stugnaut ice deposits. 

LI-4 Sloping sills clas loams from loess 
modcratcls deep user glacial till. 

I I .) Centls undulating loams on residual 
plain. 

I'l-fi Nearls lesel clas loams from glacial 
till. 

F.2— Cencral ( Imps ($115-8150 ascrage sale 

price per acre L 

12 I Undulating silts clas loams from stag- 
nant ice deposits. 

12-2 Nearls lt-s el loams from glacial till. 

F2-] l miniating silts clas loams from stag- 
nant ice deposits. 

1 12- 1 Nearls lesel sill loams from Lac .istrinc 
sediments. 

I 2.) I miniating silts clas loams from 
loess. 

1’2-fi Sloping sills clas loams from loess. 

LI — C.cueral crop, corn important ($140-8105 

ascrage sale price per acre ). 

I l-l Nearls lesel loams from glacial till. 

i 1-2 l udulating silts clas loams from stag- 
nant ice deposits. 


FI-'] Nearls lesel sills clas liiatns from la- 
custrine deposits. 

12 — (lorn, sos beaus and general crops ($100- 
MS5 average sale price p> acre L 
F2- 1 Sloping sills clas loams! >m loess. 

L2-2 Strongls undulating sills clas loams 
from stagnant ice deposit 
F2-] Ccntls undulating loams om glacial 
till. 

12- 1 Strongls sloping silts das loams from 
stagnant ice deposits. 

C — (lorn Sos beans i $200 $27.> as era sale price 
per acre I. 

(.1 Sloping clas loams from loe 
C2 Nearls lesel silts clas loan Iroin loess 
modcratcls deep user glac ' ' 

(i.'J Strongls sloping silts cl s ' ■ nns from 
loess. 

II — Corn. Sos beans and Mfalfa < s 2 1 s42.» aver- 
age sale price per acre 1 . 

Ill Flat class, silts clas bum .mil sar.ds 
from \lltivium 

Imagery from Spring 1973 No ative Prints, 
Band 7 (IR). Plant Science Deport lent and Re- 
mote Sensing Institute, South Dak *a State Uni- 
versity, Biookings; South Dakota Department of 
Revenue; and Soil Conservation £ trvice, USDA. 
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ERTS Imagery Lose Map. Scale about 1 :1, 000, 000 (1" about 1 6 miles) 


itional Information on Back of Map) 


atiori do. AES Info Series .No. 5, Novem- 
73, Agricultural Experiment Station and 
Sensing Institute .to. SOSU-RSI 73-17, 
Jakcta State Uriversity, Brookings, SD. 
eu by Frederick C. Westin, professor. 
Science Department, SDSU. ERTS mosaic 
lediby Jack Smitn, photographic spe- 
t. Remote Sensing Institute. 
311-11-73-1541 


Mmiit this ni.i|>: Three "roups cooperated to 
prepare this mup: t I ) soil sur\ c\ researchers 
Irom tin- South Dakota State Iniversitv \"iicul- 
tural I \pcrimenl Station and the l SD \ Soil ( on- 
set ration Service who prepared the Soil \ssocia- 
lion separations: i 2 i the Directors of Vssessment 
and the South Dakota Departineut ol Itevenue of- 
ficers w ho compiled the laud sales ol unimprov cd 
agricultural laud hv Soil Vssocialions: and i i 
the Soeth Dakota State I’niversilv liemo.e Sens- 
in" Institute, and the National \eronautic and 
Space \chninistratiou contract No. N\s\.| |; | s 
N vS.>-2 ITT I. who lurnishcd and prepared the 
I Kls Hase Map from satellite ima«er\ upon 
which Soil \ssociation Value \reas arc dialled. 
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Value of Map Areas Based on Sales 
1 967-1 972 (4, 653 sales for state) 




IpLDpUtJRAMB 


Mjp 

Value in 
Dollars 

No. of 

Map 

Value in 
Dollars 

No. of 

Area 

/Acre 

Sales 

Area 

/Acre 

Sales 

A1 

15.24 

24 

D8 

78.00 

2 

A2 

17.13 

7 

D9 

89.20 

85 

B 1 - 1 

23.90 

134 

El-1 

97.92 

93 

B2-1 

37.77 

158 

El -2 

115.88 

170 

B2-2 

45.77 

101 

El-3 

105.74 

107 

B2-3 

25.84 

238 

El-4 

90.49 

117 

B2-5 

42.06 

27 

El-6 

125.36 

22 

B2-6 

43.45 

11 

E2-1 

117.59 

193 

Cl 

45.41 

19 

E2-2 

121.81 

193 

c: 

53.65 

70 

E2-3 

1 19.98 

108 

C4 

58.72 

91 

E2-4 

149.24 

8 

C5 

64.05 

36 

E2-5 

130.66 

3 

C6 

55.19 

20 

E2-6 

127.58 

64 

C7 

68.99 

568 

Fi-1 

164.59 

390 

C9 

66.50 

38 

FI -2 

142.59 

74 

CIO 

64.18 

42 

FI -3 

140.47 

29 

Cl 1 

76.47 

146 

F2-1 

1 64.07 

14 

D1 

86.66 

51 

F2-2 

180.03 

55 

D2 

96.42 

573 

F2-3 

171.54 

25 

D3 

91.00 

71 

F2-4 

183.50 

32 

D4 

93.05 

57 

G1 

253.09 

81 

D5 

82.05 

38 

G2 

238.20 

133 

D6 

93.15 

32 

G3 

226.82 

29 

D7 

88.46 

24 

HI 

281.33 

50 





TOTAL 

4,653 


Since land sale prices fluctuate, 
sometimes widely over short periods of 
time, the figures in this publication 
are valuable mainly in their relation- 
ship to each other. In other words, the 
relative values are more significant 
than the abso 1,| te values. In regard to 
absolute value data for a period 1967- 
1969 compared .j 1970-1972 showed that 
for the state as a whole, values in- 
creased 13» ever this period. But this 
varied among counties for a net loss jf 
7,, for one county and a net gain of 7 1 VS 
for another county. Over 4,600 bona 
fine transactions of unimproved land 
were used in this compilation. Land 
sale prices have also increased since 
January 1973. Estimates of this average 
increase range from a few percentage 




Note about ERTS Imagery 

The KIM'S mosaic used lor this base map was 
compiled from 20 KIM'S scenes taken in May and 
June 197:1. The imagery consists of negative 
prints from band 7 of the Multispectral Scanner 
of the KIM’S satellite orbiting the earth at a dis- 
tance of about 550 miles. The MSS records energy 
reflected bv the features of the earth in 4 bands, 
each in a different part of the spectrum. Hand 4 is 
hi the green. Hand 5 in the visible red and Bands 
o and 7 in the near infrared. 

On the negative prints of Band 7 used for this 
base map water reflects white, fallow or bare 
soil very light gray, most grass medium to light 
gray, and vigorously growing vegetation dark 
gray . Thus, much can be deduced about soil use 
front the reflectances of just one of the KIMS 
bards. By comparing reflectances of all 4 KIM'S 
MSS Bands "signatures'' can be determined 
identifying virtually all uses of soils. KIMS mo- 
saics as the one shown, provide a near ortho- 
graphic view (very little distortion). The mosaic 
shown is at a scale of about 1 : 1 ,000,000 but the 
imagery can be enlarged to very useable maps at 
scales as large as 1 : 100,000. Also, false color com- 
posites of 2. :J. or 4 bands at different scales can 
be prepared to aid in identifying soil uses, and for 
hydrologic, geologic, geographic and other stud- 
ies. To prepare a base map of South Dakota using 
conventional aerial photographs, it is estimated 
that .‘10,000 separate photographs would be neces- 
sary costing about $250,000. The KIM’S base map 
used w as compiled using 20 KIM'S scenes. KIM'S 
prints can be obtained at nominal cost from the 
KHOS Data Center. Sioux Falls, S. I). The KIM'S 
satellite provides complete coverage of the state 
every IS days. 


